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Abstract 

Background: The rising prevalence of Type 2 Diabetes Mellitus T2DM) is a major public health problem. There is 
an urgent need for effective lifestyle interventions to prevent the development of T2DM. Sedentary behaviour 
(sitting time) has recently been identified as a risk factor for diabetes, often independent of the time spent in 
moderate-to-vigorous physical activity. Project STAND {Sedentary Time ANd Diabetes) is a study which aims to 
reduce sedentary behaviour in younger adults at high risk of T2DM. 

Methods/Design: A reduction in sedentary time is targeted using theory driven group structured education. The 
STAND programme is subject to piloting and process evaluation in line with the MRC framework for complex 
interventions. Participants are encouraged to self-monitor and self-regulate their behaviour. The intervention is 
being assessed in a randomised controlled trial with 12 month follow up. Inclusion criteria are a) aged 18-40 years 
with a BMI in the obese range; b) 18-40 years with a BMI in the overweight range plus an additional risk factor for 
T2DM. Participants are randomised to the intervention (n = 89) or control (n = 89) arm. The primary outcome is a 
reduction in sedentary behaviour at 12 months as measured by an accelerometer (count < 100/min). Secondary 
outcomes include physical activity, sitting/lying time using the ActivPAL posture monitor, fasting and 2 h oral 
glucose tolerance test, lipids, inflammatory biomarkers, body weight, waist circumference, blood pressure, illness 
perceptions, and efficacy beliefs for behaviour change. 

Conclusions: This is the first UK trial to address sedentary behaviour change in a population of younger adults at 
risk of T2DM. The results will provide a platform for the development of a range of future multidisciplinary 
interventions in this rapidly expanding high-risk population. 

Trial registration: Current controlled trials ISRCTN08434554, MRC project 91409. 



Background 

There has been a dramatic increase in the incidence of 
Type 2 Diabetes Mellitus (T2DM). Until recently T2DM 
was considered a disease of older adults, however, this 
condition is now diagnosed in children and young adults 
and between 1998 and 2005 there was an eightfold 
increase in the prevalence of T2DM in young people in 



* Correspondence: SJ.H.Biddle@Lboro.ac.uk 

3 School of Sport, Exercise and Health Sciences, Loughborough University, 

Loughborough LE11 3TU, Leicestershire, UK 

Full list of author information is available at the end of the article 



the UK [1]. Younger adults with T2DM are more likely 
to be obese, have a strong family history of T2DM, lead 
a sedentary lifestyle, be of black or minority ethnic 
(BME) origin, and come from less affluent socio-eco- 
nomic groups [2-4]. At the time of diagnosis, one in five 
young people with T2DM have evidence of abnormal 
kidney function, four in five have abnormal lipids and 
half have hypertension [5]. These risk factors translate 
into a substantially increased risk of morbidity and mor- 
tality; for example the hazard of developing a myocardial 
infarct in early-onset T2DM (< 45 years) is 4-fold higher 
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than in late onset T2DM (> 45 years) and 14-fold higher 
than in people without T2DM [6]. From a societal per- 
spective, the explosion of young people developing 
T2DM has significant implications for future workforce 
and health care systems. It is crucial that effective life- 
style interventions are urgently developed and employed 
to prevent the development of diabetes in younger at- 
risk groups. 

Sedentary behaviour has recently been proposed as a 
key driver of the current obesity and diabetes epi- 
demics, often independent of other related behaviours 
such as physical activity [7]. The term 'sedentary' 
comes from the latin sedre ('to sit') and can operation- 
ally be defined as sitting or lying with very low energy 
expenditure [8]. The opportunities for sedentary beha- 
viours, such as watching television, sitting in a car or 
using the computer, are ubiquitous. It is known from 
objective measures of activity that adults spend 50-60% 
of their waking day in sedentary pursuits [9], and evi- 
dence is accumulating which suggests that excess 
sedentary time has a negative impact on health, often 
independent of the time spent in moderate to vigorous 
activity [7]. 

The hazards of sitting were first highlighted in the 
1950's when Jeremy Morris identified a two fold 
increase in the risk of a myocardial infarction in London 
bus drivers compared with active bus conductors [10]. 
In the past decade the interest in the study of sedentary 
behaviours has been reignited, with the publication of a 
range of observational data reporting associations 
between sedentary time and adverse health outcomes 
[11], including an increased risk of diabetes, cardiovas- 
cular and all-cause mortality [12-14]. 

The STAND structured education randomised con- 
trolled trial was designed to assess whether reducing 
sedentary time was possible, and if so, what the asso- 
ciated health benefits were in young adults with a high 
risk of T2DM. 

Rationale for the STAND intervention 

Structured patient education forms the core of the 
STAND intervention and is based on the DESMOND 
self- management protocol [15] and related interventions 
such as PREPARE [16] and are consistent with NICE 
guidance [17]. Structured education programmes encou- 
rage patients to participate in an active way in their 
learning about diabetes and associated risk behaviours, 
usually through non-didactic led educational workshops 
that include group discussions, experiential learning and 
practice, self-monitoring and goal setting to promote 
self-efficacy and behaviour change [18]. To this end, it is 
important to base an intervention on sound behavioural 
theories [19]. This is explained in the section on 'Meth- 
ods (Phase 2)' below. 



The DESMOND and PREPARE programmes were 
designed for the older adult and did not take into 
account the specific issues facing younger adults. There 
was a need to develop an effective lifestyle self manage- 
ment programme for younger adults at risk of T2DM, 
incorporating the emerging evidence on sedentary beha- 
viour and its associated negative health outcomes. The 
STAND education programme, therefore, was developed 
through modifications of existing programmes to focus 
on reducing sedentary behaviour and the specific needs 
of younger adults. 

Methods 

Project STAND encompasses three distinctive phases 
which were informed by the MRC framework for com- 
plex interventions [20]. Phases 1 and 2 comprise qualita- 
tive data collection and analysis leading to the 
development and piloting of an evidence based struc- 
tured self-management education programme. Phase 3 
is the delivery of the STAND randomised controlled 
education and lifestyle intervention trial. This is a 2-arm 
parallel randomised controlled trial (RCT), with 12 
month follow up, to compare the effectiveness of struc- 
tured education and self monitoring (intervention) with 
usual care (control arm). 

Phase 1: Qualitative data collection and analysis 

Semi-structured interviews were conducted to inform 
the development of the STAND programme. Views and 
perceptions of T2DM, awareness and acceptability of 
reducing sedentary behaviour and opinions about educa- 
tional interventions were discussed with 14 overweight 
or obese young adults aged 18-40 years with at least 1 
risk factor for T2DM, thus being representative of the 
sample to be recruited for the main trial. Data satura- 
tion was thought to be achieved, hence the sample size 
of 14. Interviews were transcribed and a thematic analy- 
sis was conducted to identify key themes. Ethical 
approval was granted by the Loughborough University 
Ethical Advisory Committee. 

Participants demonstrated limited knowledge of 
T2DM and awareness of risk factors was limited to gen- 
eral comments on 'diet' and 'exercise'. Most viewed 
T2DM as something that happened later in life and it 
appeared to have little personal meaning to them. All 
participants stated that they would try to change if they 
were told they were at high risk but less than half actu- 
ally recognised that they were at risk. Reducing seden- 
tary behaviour, while new to them, was seen as 
something they were willing to attempt, although when 
and where this would be possible varied between indivi- 
duals. Group based education would be acceptable but 
it would need to be approached and presented in a way 
to maximise attendance among those most in need. 
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From the qualitative work it was clear that creating a 
personal understanding of the risk factors for, and con- 
sequences of, diabetes, in keeping with Leventhal's Com- 
mon Sense Model [21], would be vital to the success of 
the intervention. 

Phase 2: Curriculum development 

The qualitative findings were used to adapt the PRE- 
PARE and DESMOND structured education pro- 
grammes to target a reduction in sedentary behaviour in 
young adults. Modifications to curricula and the devel- 
opment of visual aids were overseen by investigators 
with expertise in health behaviour theory, physical activ- 
ity and sedentary behaviour, diabetologists, diabetes spe- 
cialist nurses, a general practitioner and a dietician. A 
written curriculum was developed to incorporate the 
key psychological theories (see below for detail). For 
example, behaviour change was encouraged through the 
use of self-regulatory strategies, by increasing the confi- 
dence of subjects to reduce sedentary behaviour, and by 
encouraging their awareness of how to make less seden- 
tary options more attractive and available, as well as 
limiting time in some sedentary pursuits in line with 
Social Cognitive Theory and Behavioural Choice 
theories. 

Both the DESMOND and PREPARE education pro- 
grammes combined several mutually supportive theories 
at its core, including Bandura's Social Cognitive Theory, 
focusing on the central concepts of self-efficacy (confi- 
dence to undertake the behaviour), targeting barriers 
and self regulating behaviour [22]. Self regulation is key 
to successful health behaviour change and as such was a 
key component of the STAND intervention [23]. 
Furthermore, Gollwitzer's [24] implementation inten- 
tions concept was another important framework for the 
development of successful strategies around self-regula- 
tion such as focusing on the where, when and how of 
planned behaviour in order to close the gap between 
intention and behaviour [24]. Closely linked to these 
theories was Behavioural Choice Theory which postu- 
lated that behavioural choices were the result of the 
accessibility of the behaviour and its reinforcement 
value [25]. 

Perceptions of risk and health beliefs are also impor- 
tant. Leventhal's Common Sense Model postulates that 
individuals conceptualize identified health threats in 
terms of the cause, consequences, identity, control/treat- 
ment and the timeline associated with the threat and 
that these domains influence subsequent coping beha- 
viour [21]. These illness perceptions and beliefs have 
been closely linked to health behaviour change in indivi- 
duals with T2DM [26]. 

Self monitoring is key to the success of behaviour 
change interventions [22,23]. The study team researched 



and piloted a number of potential devices to facilitate 
sedentary behaviour self-monitoring. An objective mea- 
sure of sedentary time was sought which would provide 
dynamic feedback for participants. The study of seden- 
tary behaviour is still developing and three devices were 
identified at the time and which were available to pilot: 
PAM Coach (Move2Health, The Netherlands: http:// 
www.pam.com), ActivPAL (PAL Technologies Ltd., 
Glasgow, UK: http://www.paltechnologies.com), and 
Gruve (MUVE, Inc., USA: http://www.muveinc.com/ 
gruve.asp) devices. The PAM device measures different 
levels of activity and converts them into 'PAM points'. 
However, feedback from pilot testing showed that the 
device was not particularly intuitive to use and impor- 
tantly, it did not present the amount of time spent 
sedentary for self monitoring. The ActivPAL is a thigh 
worn device which determines posture on the basis of 
thigh inclination and using proprietary algorithms (Intel- 
ligent Activity Classification) classifies activity into time 
spent sitting/lying, standing, or stepping. While the 
feedback from this device provided a reliable estimate of 
time spent sitting, using this device would require the 
participants to regularly initialise their monitor and 
download their data using expensive specialised equip- 
ment and software. Moreover, self-monitoring is encour- 
aged for as long as the participants wish during the trial. 
Feedback suggests that wearing the ActivPAL taped to 
the thigh can be uncomfortable beyond about 1 week. It 
was concluded that the activPAL was more appropriate 
as a tool for researchers rather than a self-monitoring 
tool for participants. Nonetheless, the team recognised 
the potential of the ActivPAL and opted to incorporate 
its sedentary time output in the trial as a secondary out- 
come measure. However, in the educational workshop, 
personalised data from the ActivPAL are presented to 
participants. This was achieved by meeting the partici- 
pants at least 1 week prior to the workshop to instruct 
them on how to use the device. Data used from the 
ActivPAL includes their total sitting time as well as a 
breakdown of their sitting patterns throughout the day. 
Long and short-term goals are then set based on this 
information, such as targeting less sitting at times of the 
day where sitting is high and seen to be acceptable to 
change. 

The Gruve device is a waist worn accelerometer which 
monitors sedentary time and data are downloaded easily 
to the interactive Gruve website. This enables the parti- 
cipants to view and track progress on time spent seden- 
tary. Time spent sedentary can be viewed on daily, 
weekly and monthly data charts, allowing the participant 
to set and revise personal goals. Furthermore, if the par- 
ticipant is sedentary for a prolonged period the device 
will vibrate to notify them that they have been sedentary 
and are reaching their 'energy conservation point' (ECP). 
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The ECP marks the point at which the body goes into a 
reduced caloric burn rate following a prolonged period 
of sedentary behaviour. The frequency of the vibration 
will vary across participants and depends on the health 
information inputted by each individual. The vibration 
function acts as a reminder to stand and move around, 
providing a helpful prompt for behaviour change. Pilot 
work with the research team and study participants pro- 
vided positive feedback on this device and hence was 
considered the most appropriate self-monitoring device 
for this study. 

Phase 2: Piloting and modifications 

Permission to pilot the education intervention was 
received from the local primary care trusts. Ethical 
approval was granted by Nottingham NHS Research 
Ethics Committee for recruitment from the wider com- 
munity. Three pilot sessions were delivered-two to parti- 
cipants recruited through advertising materials 
distributed in the university town of Loughborough, UK, 
and one to participants recruited from a general practice 
(GP) nearby. Participants recruited through community 
recruitment were self selecting. Participants recruited 
from the GP were identified by a search of GP computer 
reference systems for those meeting the inclusion criteria 
followed by an invitation letter from their GP. The struc- 
tured education course was delivered over one 3-hour 
session by two educators trained in structured education 
through the DESMOND collaborative, including training 
on the modifications required for working with younger 
adults. Each pilot session was observed by a researcher 
trained in delivering education sessions and/or qualitative 
research methodology. The researcher recorded personal 
observations and conducted semi-structured interviews 
with participants at the end of the session. Participants 
also completed feedback forms. The development of the 
workshop is an iterative process involving pilot work, 
feedback, revision and further pilot work. 

Overall, the pilot education sessions were well 
received. Participants felt they had greater understand- 
ing of diabetes and its risk factors as a result of the 
course and the visual aids employed. Some participants 
had suggestions for improvements to the visual aids 
which were incorporated prior to the start of the RCT. 
Participants enjoyed estimating their personal sitting 
time, comparing this with the objective feedback from 
the ActivPAL device and subsequently discussing how 
to reduce sitting time. Participants said that they would 
like more time for goal planning so we ensured that this 
was built into the programme. Some felt the benefits of 
exercise had to be more strongly emphasised in addition 
to the benefits of standing more/sitting less and, again, 
this feedback was used to modify the education 



programme. An overview of the final education inter- 
vention can be found in Table 1 

Phase 3: STAND randomised controlled trial 

The primary hypothesis of the STAND RCT is that 
structured education will decrease sedentary behaviour 
in young adults at risk of T2DM. The secondary 
hypothesis is that a reduction in sedentary behaviour 
will result in favourable changes in key behavioural and 
biological markers of T2DM risk. 

Study population and recruitment 

Young adults who are at risk of developing T2DM from 
across Leicestershire and the South East Midlands Dia- 
betes research network in the UK are recruited (see Fig- 
ure 1). Inclusion criteria are: 

Exclusion criteria include significant illness, steroid 
use, diabetes, pregnancy or an inability to communicate 
in English. 

Participants are primarily recruited from primary care 
in Leicester, Northampton and Kettering, areas in Eng- 
land with a diverse ethnic and socio-economic makeup. 
Recruitment is co-ordinated via the East Midland and 
South Yorkshire Primary Care Research Network. An 
electronic GP database search was conducted to identify 
participants who met the inclusion criteria. Invitations 
were sent by the GP to the participants who then 
replied directly to the study team. 

Study information is also sent to patients with dia- 
betes who are attending the local hospital, to ask them 
to pass the study information to relatives aged 18-40 
years who might be interested in taking part in the 
study. We had permission to recruit participants from 
the wider community and local businesses using posters 
and media adverts. 

We anticipated that obese and overweight 18-40 year 
olds would be a hard to reach group and as such we 
provide participants with £20 for each clinic visit in 
addition to reimbursing travel expenses. All participants 
will be asked to sign written informed consent. 

Intervention and control arm 

Randomisation (stratified by age, sex, and ethnicity) was 
set up by a independent statistician using a computer 
generated list and was conducted remotely. Participants 
attended the baseline study visit and were then rando- 
mised to either the control (C) or intervention (I) arm. 
Participants randomised to the control group received 
an information leaflet focusing on key illness percep- 
tions of being at risk of T2DM, the importance of 
increasing physical activity and decreasing sedentary 
behaviour. Each individual in the intervention arm was 
invited to attend the STAND structured self- 
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Table 1 Potential outline of the STAND structured education course which was delivered to the participants in the 
intervention arm 



Module 
name 


Main aims and educator activities 


Theoretical underpinning 


Time 

weighting 


Patient story 


Participants given opportunities to share their knowledge and perceptions of diabetes 
risk and highlight any concerns they may want addressed in the programme. 


Common Sense Model 


8% (1 5 min) 



Professional Simple non-technical language, analogies, visual aids and open questions used to Common Sense Model 33% (60 min) 

story provide participants with an overview of healthy glucose metabolism, the aetiology, Dual Process Theory 

risk factors and complications associated with diabetes. Individual feedback provided 

on biochemical and anthropometric measures measured at baseline visit. Participants 

encouraged to assess their personal diabetes risk and identify their modifiable risk 

factors. 

Sedentary Simple non-technical language, analogies, visual aids and open questions used to Social Cognitive Theory 58% (105 min) 

behaviour help participants identify the health hazards associated with excess sedentary time Behavioural Choice Theory 

and discuss how reducing sedentary behavior may reduce future risk of developing 

diabetes. Participants provided with printed feedback on their sitting time from the 

ActivPAL. 

Participants discussed options for reducing sedentary behaviours in everyday life; 
identified barriers to reducing sedentary behavior and formed action plans and set 
personal goals. Practical demonstration of how to use the Gruve device for the self- 
regulation of sedentary time. 



management group education programme delivered by 
trained educators, developed during Phases 1 and 2. 

Six weeks after the educational workshop, participants 
in the intervention arm were contacted by telephone to 
review progress, discuss goal setting and barriers with 
the aim of supporting behaviour change maintenance. 
The usefulness of the Gruve device for self monitoring 
was also discussed. Text messages were also sent to 
encourage adherence to the workshop goals and use of 
the Gruve. 

Sample size/data analysis 

The primary outcome is a reduction in sedentary beha- 
viour, measured by an accelerometer at 12 months. The 



minimum reduction in sedentary behaviour which 
would yield beneficial metabolic effects has not been 
determined. Cross-sectional data suggested that a 10% 
increase in sedentary time is associated with a 3.1 cm 
increase in waist circumference, and that sedentary time 
is positively associated with clustered metabolic risk 
[27]. Using the same dataset, the mean sedentary time is 
56.7 h/week. The minimum clinically important differ- 
ence would be 5.67 h/week, reducing to 51.03 (SD 12.1). 
Sample size is estimated as 2 N = (4(Za + Zb)2s2)/d2 
(where d is the true between-arms difference, b is the 
type II error rate, and a is the type I error rate). Alpha 
is set at P = 0.05 (Za = 1.96) and power at 80% (b = 
0.20, Zb = 0.842). This results in a required N of 72 in 



Clinic Visit One: 
Baseline 



Consent 



Baseline data collection: 

Bloods - Oral Glucose 
Tolerance Test, routine 
bloods, inflammatory 
biomarkers 



Randomisation 



Intervention Arm: 

STAND structured 
education 

Participants provided 
with self-monitoring tool 
to use for the 
remainder of the study 



Control Arm: 
Information leaflet 




Anthropometric data 

v y 

Figure 1 RCT Flow Chart, a) Age 18-40 years with a BMI in the obese range (> 30 kg/m 2 ; > 27.5 kg/m 2 for South Asians), b) Age 18-40 years 
with a BMI in the overweight range (> 25 kg/m 2 ; > 23 kg/m 2 for South Asians) and with one or more additional risk factor for diabetes from: • 
family history of diabetes or cardiovascular disease in a first degree relative; • previous gestational diabetes; • polycystic ovarian syndrome; • 
HbA1c > 5.8% (from our local Addition Leicester diabetes screening data a cut off HbA1c of 5.8% provided the best sensitivity and specificity for 
a diagnosis of prediabetes). ■ Impaired glucose regulation (defined according to the World Health Organisation). 
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each arm. Incorporating a dropout rate of 20% gives a 
final N of 89 per arm. 

The study is reported according to the CONSORT 
statement for randomised controlled trials. Data will be 
analysed on an intention-to-treat basis (ITT). Descrip- 
tive statistics (mean values and frequencies) will be cal- 
culated. Histograms will be used to identify any outliers 
and to test for normality. ANCOVA modelling will be 
used to look at the difference between groups in change 
in continuous outcome measures, and logistic regression 
to analyse categorical variables. 

Study measures 

All primary and secondary outcome measures are 
recorded at study visits at 0, 3 and 12 months. 

Primary outcome 

The primary outcome is a reduction in sedentary beha- 
viour at 12 months, measured objectively using the triax- 
ial Actigraph GT3X accelerometer. These accelerometers 
were the most extensively validated and accurate on the 
market, albeit for physical activity assessment, and they 
are the only commercially available accelerometers to 
correlate with energy expenditure as measured by dou- 
ble-labelled water [28]. However, recent studies have also 
used this device to assess time in sedentary behaviour, 
although there is still debate about the exact counts per 
minute to use as a representation of time in sedentary 
behaviour [29,30]. Accelerometers can provide an esti- 
mate of the total volume of sedentary behaviour and are 
also capable of detecting short, incidental breaks in 
sedentary time (< 5 min.), which may not be feasibly 
recorded by self-report measures. 

Participants are requested to wear the accelerometer 
on a waistband (in the right anterior auxiliary line) for 
ten consecutive days during waking hours. The acti- 
Graph was initialised with a start and stop time and a 5 
s epoch. A 'valid day' will consist of at least 10 h of 
accelerometer movement data and participants with less 
than 4 days (3 weekdays and 1 weekend day) of valid 
wear will be excluded from the analysis. Non-wear time 
will be defined as strings of '0'. The primary outcome 
measure is sedentary time defined as time < 100 counts 
per minute [29]. 

Secondary outcomes 

Physical activity and body posture (sitting, standing, 
stepping) are measured objectively using the Actigraph 
and ActivPAL accelerometers as well as through self 
report using the short International Physical Activity 
Questionnaire (IPAQ) [31]. The Actigraph GT3X accel- 
erometer is used to measure steps per day, total body 
movement (counts per day), and time in light-, moder- 
ate- and vigorous-intensity physical activity as 



determined by counts per minute using cut points pro- 
posed by Freedson et al. [32]. The ActivPAL is a thigh 
worn accelerometer and inclinometer which measures 
the angle of the thigh, providing data on participant 
posture (i.e. sitting or lying vs standing) and time spent 
in sedentary behaviour (sitting or lying). The activPAL 
has been shown to be a valid and reliable tool for the 
assessment of sitting in adults [33-35]. The ActivPAL is 
worn on the thigh for the same 10 day period as the 
accelerometer. The short 'last-seven-days' self-adminis- 
tered format of the IPAQ is used as a self-report mea- 
sure of physical activity and sitting time. This 
questionnaire provides a comprehensive measure of 
moderate- to vigorous-intensity activities carried out for 
more than 10 continuous minutes at work, in the home, 
as transport and during leisure time. IPAQ has been 
shown to have reasonable validity compared to acceler- 
ometer data (p ~ 0.4) and test-retest reliability (p ~ 0.7) 
in the UK when used as a measure of total moderate- to 
vigorous-intensity physical activity [36]. The reliability 
and validity of the IPAQ sitting questions in a sample 
from four countries were acceptable, with validity tested 
against accelerometers [31]. 

Biochemical variables 

Participants are invited to attend each clinical measure- 
ment session after a 12-hour fast and 24 h of avoiding 
vigorous intensity exercise. Glucose control and insulin 
sensitivity are assessed using standard laboratory metho- 
dology for fasting glucose, 2-hour post challenge glu- 
cose, fasting insulin, and HbAlc. Serum total 
cholesterol, HDL cholesterol, and triglycerides; liver 
function, urea and creatinine and vitamin D will be 
measured. Low density lipoprotein cholesterol (LDL) is 
estimated using the Friedewald equation [37]. Serum is 
collected and frozen for subsequent analysis of inflam- 
matory bio-markers (hsCRP, TNF alpha, sIL-6, and sIL- 
6R) and stored until complete sample sets are collected 
for a participant when all time points are assayed to 
avoid any intra-assay variation (instructions for freezer 
samples available on request). 

Anthropometric, demographic and psychological data 

Arterial blood pressure is measured in the sitting posi- 
tion (Omron, Healthcare, Henfield, UK); three measure- 
ments are obtained and the average of the last two 
measurements are used. Other measures include body 
weight and body fat percentage (Tanita BC 420SMA, 
Tanita, West Drayton, UK), waist circumference (mid- 
point between the lower costal margin and iliac crest), 
and height to the nearest 0.1 kg, 0.5% and 0.5 cm 
respectively. Information on current smoking status, 
medical and medication history, family history and eth- 
nicity are obtained by self-report. 
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Several important psychological variables are mea- 
sured to establish whether any intervention effect is 
mediated by the targeted theoretical constructs or 
whether important psychosocial outcomes are obtained. 
Data collected include quality of life [38], illness percep- 
tions using the Brief Illness Perceptions Questionnaire 
[39], self efficacy [40], fatigue and sleep [41,42], and 
anxiety and depression using the Hospital Anxiety and 
Depression Scale [43]. 

Conclusion 

Project STAND is the first UK trial, to our knowledge, 
to address sedentary behaviour change in a population 
of young adults at risk of T2DM. The trial informs 
behaviour change programmes for at-risk groups, and 
provides a major new direction of behaviour change 
alongside the more conventional approach of encoura- 
ging increases in moderate-to-vigorous physical activ- 
ity. The results will provide a platform for the 
development of a range of future multidisciplinary 
interventions in this rapidly expanding high-risk 
population. 
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